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Designing an optical instrument: A culminating STEM activity for a primary science light unit  
 
Donna King and Lyn English 
 
Abstract 
 
Nationally and internationally there have been calls for a focus on STEM (science, technology, 
engineering and mathematics) teaching and learning in schools to prepare students for the many future 
careers in the STEM fields. One way to do this is through engineering activities that provide opportunities 
for integrating STEM to solve problems using engineering design principles. Based on the Australian 
curriculum developed by the Australian Curriculum and Assessment Reporting Association (ACARA), 
the researchers designed an optical engineering activity for Year Five students (9–10 year olds) that was a 
culminating STEM activity in a unit of work focussing on light. The task required the application of 
mathematics, science and technology concepts to build an optical instrument that would enable students 
to see a hidden object or person. The study found that using an engineering design model that involved 
building, testing and re-designing afforded students opportunities to demonstrate the application of core 
mathematics, science and technology concepts. This article describes firstly, the foundational work on 
light and optical engineering that preceded the engineering problem, and secondly, the engineering 
problem.  
 
Introduction 
 
STEM education is currently in the spotlight with increasing calls for students to begin developing skills 
in these disciplines in the primary years (Office of Chief Scientist, 2013, 2014). One approach to teaching 
STEM is through engineering activities in which students solve novel design-based problems through the 
application of science, technology and mathematics principles. Such activities are being developed as a 
way to rekindle the natural thrill of experimentation innate in children as they seek to understand the 
world around them (Lucas, Claxton & Hanson, 2014).  
 
Research has shown that engineering activities require the use of engineering thinking, which has been 
referred to as “engineering habits of mind” (Lucas, et al., 2014, p. 28). These “habits of mind” encompass 
important “ways of thinking and approaching problems” such as creative problem-solving, visualising 
and improving (Lucas et al., 2014, p. 29). Developing these “ways of thinking” in the primary years 
affords opportunities to foster learners who think like engineers. 
 
An important aspect of engineering education is engineering design where students engage in iterative 
processes in developing a solution to a problem. Applied to a task for primary students, this involves 
drawing a design sketch of a desired model, building it, testing it, then redesigning the model based on 
the outcomes of testing, followed by further testing (English & King, 2015; National Research Council, 
2014). A key component of this process is that students work in teams where they communicate the 
stages of the design through written work, sketches, 3-D models and in-class interactions. This paper 
presents one of six engineering activities that we designed across the project. The optical engineering 
activity was designed as a culminating activity in a unit of work on light. The unit was implemented in 
several primary classrooms as part of an Australian Research Council (ARC) Linkage grant. The students 
applied a simple design process (see Figure 1) when solving the engineering-based problems across all of 
the activities.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Engineering design model. 
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The Light Unit 
 
There were two parts to the unit of work designed in consultation with the teachers to meet ACARA 
requirements (see Appendix One for curriculum links). The first part consisted of foundational work on 
light while the second part consisted of the engineering component of the activity. In consultation with 
the teachers, the researchers designed a workbook for students that stepped them through the second part, 
which consisted of an introduction to the work of optical engineers, activities on lenses, the historical 
development of microscopes and telescopes and the design of the optical instrument. Students had been 
guided through the engineering design process in previous engineering activities. Detailed teacher notes 
were written and supplied to supplement the student activities. The two parts are explained in Table 1 
below. 
 
Table 1. The light unit and engineering activity. 
 
Topic Section Explanation Time (approximate) 
Light Unit Part 1 Students completed foundational work on 
light 
5 sessions* 
Supplementary Activities 
Optical Engineers Part 2 (a) Students completed activities that 
introduced them to the work of Optical 
Engineers 
1 session* 
Lenses Part 2 (b) (i) Students completed activities on convex and 
concave lenses 
1 session* 
Microscopes and 
Telescopes 
Part 2 (b) (ii) Students learnt about the development of 
the microscope and the telescope with 
activities such as building a two-lens 
telescope 
1 session* 
Engineering Activity 
Optical 
Engineering 
Activity 
Part 2 (b) (iii) Students completed the engineering activity 
where they designed an optical instrument 
2 sessions* 
* Each individual session was approximately 1 to 1½ hours long 
 
Part 1—Foundational work on light 
Prior to the engineering activity, students completed a science unit on light based on ‘Primary 
Connections – Light Shows Year 5’ (Australian Academy of Science, 2012) or Curriculum into the 
Classroom (Education Queensland, 2016). Concepts that were taught included the following. 
 Light travels in straight lines 
 Objects are either transparent, opaque or translucent 
 Light from a source forms shadows 
 Light can be absorbed, reflected and refracted 
 Angle of incidence equals the angle of reflection 
 
As well, students mastered the following skills. 
 
 Using ray diagrams to represent light rays 
 Measuring with a protractor 
 
  
This foundational work occurred over approximately five sessions and provided students with the 
necessary science concepts pertaining to light for application to the design process.  
 
Part 2 (a)—The work of optical engineers 
 
The workbooks included resources that introduced students to the work of optical engineers. For example, 
students watched a video where the link was provided in the workbook, that highlighted the variety of 
jobs in which optical engineers may work. Students then answered questions relating to an optical 
engineer’s work such as, “What are some problems that an optical engineer needs to solve?” As part of 
the project, recent engineering graduates and student engineers visited the classes to provide further real-
world examples to help students with the assigned tasks. Such visits were enriching for students and 
teachers. 
 
Part 2 (b)—(i) Lenses 
 
Part two began with activities that explored the role of the pupil and lenses in our eyes. Such activities 
showed how light is refracted when it passes through a lens. Following this, the differences between 
convex and concave lenses were explored through set activities where students placed lenses in a 
cardboard tube to view a drawn image and measure focal lengths. Furthermore, the application of convex 
and concave lenses to optometry and the design of glasses for long-sighted or short-sighted people was 
highlighted. Finally, students were stepped through the process of making a double lens instrument to 
mimic telescopes (e.g., a Galilean telescope) using a small tube and supplied lenses. As such, this section 
introduced students to the role of lenses, the refraction of light through lenses and practical applications 
of lenses. 
 
Part 2 (b)—(ii) The development of microscopes and telescopes  
 
There were three components to this section. First, students were introduced to the systems of lenses and 
mirrors that are used in microscopes and telescopes. One example was the work of Antonie van 
Leeuwenhoek and the development of the microscope. Second, they learnt about the development of the 
telescope and viewed the video on the “amazing history of the telescope” 
(http://www.neok12.com/video/Telescope/zX5455625c586b675418446b.htm). Third, they discussed 
Newton’s mirror telescope and his use of double mirrors for reflecting an image to see the object. In such 
a way, students were afforded opportunities to learn about the role of mirrors and lenses in optical 
instruments. Furthermore, students were exposed to real-world examples for combining mirrors and 
lenses in optical instruments with the path of light through the instruments demonstrated through 
drawings, animations and classroom instruction.  
 
Part 2 (b)—(iii) Designing an optical instrument 
 
The optical engineering problem required students to design an optical instrument that could be used to 
view an object that was difficult to see. This was the culminating activity in the unit on light. Students 
were encouraged to draw on their previous learning to design an optical instrument with the following 
instructions: “Just like the engineers and scientists of the past, you are going to use mirrors and lenses to 
design an optical instrument for seeing an object that is hard to see with your own eyes”. Each group was 
assigned one of five scenarios; for example, one scenario required students to design an instrument that 
would enable them to see Justin Bieber more clearly from their concert seats (see Table 2). The learning 
goals of the activity are in Appendix Two and the activity is explained in Figure 2 below. 
 
Table 2. Scenarios 
 
  
Scenario One Your friend is hiding around the corner but you do not 
want her to know that you are spying on her. Design an 
optical instrument that will allow you to see her without 
her knowing. In other words, you are to design an optical 
instrument that allows you to see around corners. 
 
Scenario Two You are at a Justin Bieber concert and you cannot see 
Justin very well from your seats. Design an optical 
instrument that will allow you to see him more clearly. 
 
Scenario Three You are walking to school and you find a tiny insect that 
you cannot see clearly with your eyes. You want to 
identify it, just like a scientist, by looking at all of its 
features. Design an optical instrument that will allow you 
to see the insect more clearly. 
 
Scenario Four You are playing tennis and your tennis ball is hit very 
hard by your friend and lands in the gutter of the school 
building. Design an optical instrument that would enable 
you to see where the tennis ball has landed. 
 
Scenario Five  The teachers are having a special celebration for a 
member of staff in the staffroom. You are not invited but 
would like to spy on the celebration so that you can tell 
your friends about it. Design an optical instrument that 
would enable you to see through the window without the 
teachers seeing you. 
 
 
 
 
DESIGNING AN OPTICAL INSTRUMENT 
The Optical Engineering Problem 
Your small engineering team (group of three or four students) has been invited to work with 
optical scientists (physicists) to design an optical instrument that can be used to help you see an 
object that is difficult to see. The object may be very small, or very far away, or it may be around a 
corner, or it may be on top of a cupboard. Each group will be given a scenario to solve. The 
physicists are interested in your design as a prototype for developing an instrument that they can 
market to the public for use. 
 
You have these materials. 
 Pencil, rubber, ruler, marker pen, glue stick, dictionary, protractor (student supplied) 
 Cardboard rolls 
 Blu-tack™ 
 Sheets of card (A4) 
 Paper cutter (optional) 
 Pre-prepared index cards (scenarios for optical instrument challenge) 
 Safety goggles 
 Small plastic mirrors 
 Lenses (a variety of thick, thin, convex and concave) 
 Adhesive tape/masking tape 
 Tape measures 
 Recyclables (cardboard tubes, tissue boxes, shoe boxes, milk cartons) 
 Dowel rods/wooden rulers  
 
  
 
Figure 2. The optical engineering problem. 
 
Students’ approaches to problem solution: Design sketch stage 
 
Students brainstormed their ideas before drawing the design of their instrument (referred to as the 
“Design Sketch Stage”). Students engaged meaningfully in the design sketch stage by drawing a variety 
of designs that varied in complexity and sophistication. During this stage, students applied core 
mathematics and science ideas such as ray diagrams for the path of the light and labeled measurements 
and angles. Also, students developed, communicated and documented design ideas meeting aspects of the 
technology curriculum. The final first design sketches varied however; many included one or two mirrors 
and/or one or two lenses positioned in connected tubes in an “L” shape or “Z” shape (similar to a 
periscope). The example below shows Group One’s initial design sketch to see Justin Bieber more clearly 
from their seats at his concert (see Figure 3). For a full analysis of the sketches see King and English 
(2016). 
 
Insert Figure 3 here 
Figure 3. Group One’s initial design. 
 
While students in Group One were collaborating to create the first design sketch, they applied ideas about 
the reflection of light off mirrors as evidenced in the following representative excerpt. 
CHALLENGE 
Your challenge is to design an optical instrument for one of the scenarios. The instrument is to 
help you see an object that is difficult to see. You will design the model using all of the science 
and maths information you have learnt about light. Make sure you use rulers and pencils to draw 
the appropriate ray diagrams. Dimensions of your model should be marked clearly on the 
drawing. Demonstrating the application of the science and maths ideas to your design is 
important. You will make the model using the resources provided and then test it.  
 
PROBLEM 
Your team will design an optical instrument that makes an object more visible in the scenario 
provided. Each group will design a different instrument.  
 
You are to draw the dimensions of your optical instrument on your design and use ray diagrams 
to show the light rays. 
 
Remember to follow the Engineering Design Model. 
 
 
 
 
                          IMPORTANT SAFETY INFORMATION 
 
When working with mirrors, safety goggles should be worn to protect 
the eyes. 
 
Be careful with lenses because some are made of glass and could break 
if dropped or handled roughly.  If possible, attach them to a cardboard 
tube with Blu-tack™ before looking through them. 
  
 
Excerpt 1: Group One students applying science ideas for the positioning of mirrors 
01 Ma Yeah. So the light for Justin comes in here, goes through the lens, through the lens to 
make it larger and then it’d come here (referring to the drawing). 
02 M We gotta make sure we cut a [inaudible] of those mirrors because if the mirror, if like we 
have a full mirror they’re just gonna keep bouncing off. 
03 Ma Yeah. So it’s in the corner right here so it’s bounce. So that needs to go straight bounce 
off here and then bounce off there. 
04 M Maybe we can use like mirrors for like the [inaudible]. Maybe we can use some like for 
the outside. 
05 Ma Or what if you did like a corner (draws in booklet)? What if you did like a tube, a tube, 
and then you had like a mirror in the corner here? And then this’d be open. This’d be 
open here. And then this’d be a mirror here so the light’d bounce off here and then you’d 
have a mirror and then you’d go like that way. And that’d be … as well. 
06 M Let’s just go [with] that one coz I think that will work. 
 
In the excerpt above, two students in Group One were negotiating the design as they drew the sketch. In 
turn 05 of the above excerpt, the student was drawing the sketch and explaining the path of light through 
the instrument that would “bounce off” the mirror to the opening through which the viewer would be 
looking. This was evident in the design sketch (see Figure 3) where the ray diagrams showed the path of 
light from the object, reflecting off two mirrors to the eye. These rich conversations demonstrated 
students’ collaboration and application of science ideas as they completed the design sketch for their 
instrument. We found that the drawing stage was important for the application of science and 
mathematics concepts (see King & English, 2016). 
 
Building stage 
 
Students enjoyed building their models, although many found that the initial design was too complex and 
some groups found the lenses were difficult to position for a “working model”. 
 
Despite the difficulties, many groups made a successful first model. Two examples are shown below (see 
Figures 4 (a) and (b)). 
 
Insert Figures 4 (a) and (b) here 
Figure 4 (a). Group One’s first model. 
Figure 4 (b). Another group’s first model. 
 
 
 
Test, re-design, build stage 
 
Once the first model was built and tested, students were encouraged to re-design the instrument based on 
the outcomes of the first model. They drew a second design sketch and built a modified model and tested 
it. Students answered questions about this second design such as, “Explain what your new instrument was 
able to do.” Furthermore, students answered questions that encouraged them to reflect on the process such 
as, “What was your best design and why?” and “What would you do to improve further your design?” 
  
While answers varied, many suggested improvements to the design such as “we would use more mirrors 
and some lenses because we want to have a better image.” 
 
Conclusion 
 
The optical engineering problem afforded students the opportunity to follow the engineering design 
model to build an instrument that could see a hidden object. The activity was not only challenging, but 
also enjoyable, with students stating that they “enjoyed building and constructing objects” and made very 
positive comments such as “I love it!”. Furthermore, the problem required the application of mathematics, 
science and technology concepts while using multiple approaches to find a solution. Importantly, students 
appreciated the engineering design process for improving the model and reflecting on what worked and 
did not work. Encouragingly, the teachers were very happy with the engineering activities as evidenced in 
this email quote:  
 
I really wanted to let you know how much we appreciated all the thought and planning that went into the 
lessons for the engineering days over the years. These students are very lucky to be involved in such an 
inspiring program. I have had two parents tell me at parent interviews how their daughters now want to 
be engineers after the program. The knowledge the students now have about what is an engineer, what 
they do and the science learning have been wonderful for our students. I think all the teachers have found 
these lessons easy to teach and will continue to use them in years to come (Email, 9/9/15). 
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Appendix One—Curriculum Links 
 
Technology Science Maths 
Design and Technologies knowledge and 
understanding (ACARA) 
 
 Investigate how forces or electrical 
energy can control movement, sound 
or light in a designed product or 
system (ACTDEK020) 
 
Design and Technologies processes and 
production skills (ACARA) 
 
 Generate, develop, communicate and 
document design ideas and processes 
for audiences using appropriate 
technical terms and graphical 
representation techniques 
(ACTDEP025) 
 
 Select appropriate materials, 
components, tools, equipment and 
techniques and apply safe procedures 
to make designed solutions 
(ACTDEP026) 
 
 Develop project plans that include 
consideration of resources when 
making designed solutions individually 
and collaboratively (ACTDEP028) 
 
 
Science as a Human Endeavour (ACARA) 
 
 Science involves testing predictions by 
gathering data and using evidence to 
develop explanations of events and 
phenomena (ACSHE081) 
 
 Scientific knowledge is used to solve 
problems and inform personal and 
community decisions (ACSHE083) 
 
Physical Sciences (ACARA) 
 
 Light from a source forms shadows 
and can be absorbed, reflected and 
refracted (ACSSU080) 
 
Science Inquiry Skills (ACARA) 
 
 Identify, plan and apply the elements 
of scientific investigations to answer 
questions and solve problems using 
equipment and materials safely and 
identifying potential risks (ACSIS086) 
 
Elaborations (C2C) 
 
Year 5 Science Unit 3—Now You See It 
 
Measurement and Geometry (ACARA) 
 
Using units of measurement 
 
 Choose appropriate units of 
measurement for length, area, volume, 
capacity and mass (ACMMG108) 
 
Geometric reasoning 
 
 Estimate, measure and compare angles 
using degrees. Construct angles using a 
protractor (ACMMG112) 
 
Statistics and Probability (ACARA) 
 
Data representation and interpretation 
 
 Pose questions and collect categorical 
or numerical data by observations or 
survey (ACMSP118) 
 
 Construct displays, including column 
graphs, dot plots and tables appropriate 
for data type with and without the use 
of digital technologies (ACMSP119) 
 
  
Appendix Two—Learning Goals of Optical Engineering Activity 
 
 
Learning Goals of the Optical Engineering Activity  
 Learn about the work of optical engineers 
 Engage in processes of engineering design 
 Apply science concepts to the design (i.e., reflection of light from mirrors; refraction of light through lenses 
(extension)) 
 Apply mathematics concepts to the design (i.e., measurements, constructing angles) 
 Apply technology concepts to the design (i.e., develop and communicate design ideas) 
 Model an optical instrument using simple materials 
 Understand the importance of engineering for designing instruments to solve a problem 
 Understand the importance of ray diagrams for determining the path of light through the instrument 
  
 
